We present a theoretical model ion for Hg II, including oscillator strengths and hyperÐne structure constants for a large number of transitions and levels. Di †erent computational models have been used, depending on the observability of the lines and their importance in spectral synthesis of stellar atmospheres. For the resonance lines, we use highly systematic, accurate, and fully relativistic multiconÐguration Dirac-Fock methods. These methods are well suited to an accurate treatment of both the relativistic problem and the strong correlation e †ects in this ion. The predicted gf-values are probably accurate to within a few percent. A larger number of transitions are treated with a more Ñexible, but less accurate, version of the method. This is based on the idea of crosswise optimization to represent a number of states in the same calculation. The results are used in stellar atmosphere models, assuming local thermodynamic equilibrium (LTE), where a line-by-line investigation is important. A larger set of levels are treated with semiempirical methods, for use in large scale non-LTE calculations. The lower accuracy of these are well-suited to a more statistical treatment of the structure of the ion. We discuss the importance of a correct treatment of core-valence correlation and relativistic e †ects for predicting accurate oscillator strengths. These tend to reduce their values by as much as a factor of 2 for the resonance line.
INTRODUCTION
The atomic structure of heavy ions is important both for pure atomic physics and for applications to astrophysical plasmas. In the former Ðeld, they serve as examples of the interplay of many-body and relativistic e †ects. While the large nuclear charge makes the motion of the electron clearly relativistic, the complexity of the many-electron system introduces strong correlation e †ects. Until quite recently, most theoretical studies were using limited and semiempirical methods, attempting to summarize the e †ect of the large core in a single potential. These methods are often quite difficult to generalize to excited states, especially when strong conÐguration interaction occurs. We follow a di †erent approach, using large-scale, multiconÐguration Dirac-Fock methods (Parpia, Froese Fischer, & Grant 1996) . Our Ðrst test case was the resonance and intercombination lines of Tl II (Brage, Leckrone, & Froese Fischer 1996) . In this test we utilized a highly systematic restricted active space approach and managed to predict gf-values and hyperÐne structure constants to an accuracy of a few percent. In a later paper we extended the method to include more transitions in the same ion (Brage, Proffitt, & Leckrone 1999 ). This strategy was labeled crosswise optimization, and showed great Ñexibility when dealing with a large number of levels. The accuracy was clearly within 10%È15% for most of the transitions in this larger study.
The present work is motivated by a parallel development in astrophysics, especially in space-based observations. It is a part of a program for studying chemically peculiar stars using the Goddard High-Resolution Spectrograph (GHRS) on board the Hubble Space T elescope (Leckrone et al. 1993a (Leckrone et al. , 1993b . These stars show a large overabundance of elements around Z \ 80, and isotope anomalies for mercury, platinum, and thallium (Proffitt et al. 1999 ; Kalus et al. 1998 ; Leckrone et al. 1996) . The highresolution and high signal-to-noise ratio UV data from this instrument have challenged atomic physics to produce new and more accurate data.
The present work is accompanied by a companion paper , which discusses the astrophysics models. The two projects were performed in a clear synergy, with the atomic and stellar atmosphere models developing together. The models we chose to represent the Hg II ion are clearly inÑuenced by the need for accuracy and completeness in the stellar models. At the same time, the stellar models were limited by our knowledge of the atomic ion. Especially in the later stage of our calculations, where we used a semiempirical model, the most severe limitation was the lack of spectroscopic data, that is, energy levels from classical experimental atomic spectroscopy.
THE NEED FOR ATOMIC DATA
There are two di †erent approaches to stellar model atmosphere calculations, which put di †erent demands on atomic parameters. First, the calculation of synthetic spectra assuming local thermodynamic equilibrium (LTE) populations only requires the excitation levels and the gf-values for lines in the observed spectrum. With signal-to-noise ratios as high as those of recent spectra from the GHRS, it is possible to reduce the systematic uncertainties in abundance determinations to about 10%, but only if the gfvalues are known to at least this accuracy. In non-LTE models, the requirements are quite di †erent. Here it is necessary to know radiative and collision rates between a large number of levels of the ion, as well as ionization and recombination rates to and from each of these levels. The accuracy requirements for most of these data are less stringent, especially for closely spaced upper levels, where col-lisional transitions will keep the relative populations of these levels close to LTE. In practice, non-LTE calculations often group these levels together to reduce the computational burden. It then matters little if individual transitions are signiÐcantly in error, as long as the integrated properties are approximately correct. Again, the detailed properties of a level are only important when comparing them to individual observed transitions. Since collisional coupling is usually weaker between lower levels, more accurate results are useful for these. This suggests that we use a method based on a number of approaches, with highly accurate calculations for the most critical transitions and for those that are directly observable, while the less important ones are treated in a more approximate way.
3. ATOMIC THEORY 3.1. GRASP94 The accurate treatment of heavy atomic systems such as mercury requires the use of fully relativistic theoretical methods. At the same time, the e †ects of correlation are very important. We showed in a recent paper treating the isoelectronic system of Tl III that it is important to include not only the correlation between the two outer electrons, called the valence correlation, but also the correlation between these two and the core subshell 5d10, the core-valence correlation. The results from that paper also led to two other conclusions. First, the e †ects of core subshells other than 5d are important for the hyperÐne structure, but not for oscillator strengths. Second, for the ground-state transitions, comparison with recent lifetime measurements indicate that core-core correlation does not contribute signiÐcantly to the oscillator strengths. We will assume that this is even more true for transitions between excited states.
The conclusion is that we need to include both valence and core-valence correlation of the 5d subshell in any reasonable calculation for Hg II. To accomplish this requires large-scale calculations. Recently, a new version, GRASP94, of the GRASP packages (General Relativistic Atomic Structure Package ; Grant et al. 1980 ; has been developed (Parpia et al. 1996) , using sparse-matrix representation and dynamic memory allocation techniques. This allows for a serious attempt at computing accurate oscillator strengths for heavy, complex systems such as Hg II.
The codes in the GRASP family are based on the multiconÐguration Dirac-Fock (MCDF) method. In this method, the Dirac-Coulomb Hamiltonian
is used to deÐne a variational method, where the trial functions are expansions over conÐguration state functions
The term represents all other quantum numbers needed a j to uniquely deÐne a coupled, antisymmetric, linear combination of products of spin orbitals,
where is a two-component angular-dependent spin-) imj orbit function (Grant 1988) . The quantum number i is given by
Finally, c is a label for the atomic state function (ASF), ((cJ), usually chosen as the of the CSF with largest a j weight, in the expansion above. In this paper, however, o c j o we will use the same labels as used in the literature, based on the L S coupling instead of the jj coupling used to construct the CSFs.
To set up the system of integral-di †erential equations according to the MCDF method, we need to deÐne an energy functional to optimize. In this paper we use the extended optimal level (EOL) scheme, where the functional is
i.e., the weighted sum of the total energy corresponding to a set of ASFs, deÐned by Mc k J k N. Corrections to the Dirac-Coulomb Hamiltonian, in the form of the Breit interaction, were considered in our previous paper on Tl (Brage, Leckrone, & Froese Fischer 1996) , and found not to make any important contributions to the oscillator strengths in this type of system.
METHOD OF CALCULATIONS
We use four di †erent approaches in order to balance the demand for accuracy and the number of transitions. The Ðrst approach involves just a few transitions in a restricted active space (RAS) calculation. The second approach extends over a larger number of states, including all the observed transitions that have not been treated by the RAS calculation. Our method should be Ñexible, yet accurate. We have found that the technique of crosswise optimization (CO) fulÐlls these requirements. The third approach is a hybrid of these two, for a few selected transitions between excited levels. Finally, as a last approach we use a Cowan code calculation (Cowan 1981) to include the rest of the spectrum.
Restricted Active Space Calculations
The most important transitions for our purposes are the two resonance lines
In our Ðrst calculation, we apply the RAS technique to the three involved atomic state functions, deÐning an energy functional as the weighted linear combination of the corresponding three energy levels. From our earlier investigation of Tl II and III, we learned that only core-valence correlation with the outermost core subshell, 5d, a †ects the oscillator strengths signiÐcantly. We tested this assumption for Hg II by including core-valence correlation for the 5s and 5p subshells, but we found them to make minor contributions to the oscillator strengths.
We represent core-valence correlation by allowing for CSFs with one 5d electron excited, that is, of the form 5d9nln@l@ , where nl and n@l@ are taken from an active set of orbitals.
It is straightforward to deÐne a systematic approach for a simple case such as this by increasing the active set of orbitals step by step. We do this in three steps, by deÐning the following three sets (where by nl we imply both spin orbitals, nl and nl~) :
AS 1 \ M5d, 6s, 6p, 7s, 7p, 6d, 5f N ,
and
All core orbitals, together with the 6s and 6p, are obtained in a Dirac-Fock calculation that only includes the three main CSFs. These are kept Ðxed for the rest of the calculation. For each RAS step, only the new orbitals are optimized. The results from this calculation are shown in Table 1 .
Crosswise Optimization Calculations
In an earlier study of a large number of transitions in Tl II , we found that a cross-optimization technique was very efficient. In designing this technique, we recognized that the orbitals depend strongly on which conÐguration they have been optimized on. Particularly in cases such as Hg II, where we need to represent both "" normal ÏÏ conÐgurations of the form 5d10nl and "" coreexcited ÏÏ conÐgurations of the form 5d9nln@l@, they span clearly di †erent regions of space. Especially important to take into account is the relaxation of the 5d subshell when one of its electrons is excited.
The calculations fall into two di †erent stages. First is the optimization stage, in which we solve the MCDF equations for a limited number of CSFs, and second is a conÐguration interaction (CI) stage, in which we include a larger number of CSFs in a diagonalization of the energy matrix.
The calculations will concentrate on four di †erent conÐgurations, 5d106s, 5d106p, 5d96s2 , and 5d96s6p .
When designing a method to treat all four of these and the transitions between them, we must carefully consider two important contributions. First, we must consider both the strong correlation between the n \ 6 orbitals in the latter two conÐgurations, and the core-valence correlation between the 5d and the n \ 6 orbitals. Second, as pointed out above, we must consider the relaxation of the 5d orbitals between a closed and an open subshell.
We start by optimizing all core orbitals (1sÈ5p), together with 5d and 6s, in an average level (AL) calculation on the two levels of 5d96s2. This implies that we use a linear combination of the two eigenenergies, weighted by their statistical weight (2J ] 1), as a functional to derive the MCDF equations. In a second step, we optimize the 6p orbital in an AL calculation of the 23 levels of 5d96s6p.
As a third step, we use the optimal level (OL) scheme. In this, we optimize the 6d orbitals on one eigenenergy of the matrix. Our choice is the ground level, and we include all 
CSFs of the form
M5d10 ] 5d96dN6s(J \ 1/2) in this approach ; the 6d orbital represents the relaxation of the 5d subshell, that is, the di †erence between the 5d of 5d10 and 5d9.
At this stage, we already have a fairly Ñexible set of orbitals. Probing CI calculations indicated that the most important e †ect omitted was a correlation in the 5d96s2. To improve this, we optimized another two sets of orbitals. The 5f was optimized in extended optimal level (EOL) calculations. In these, we use a linear combination of a few eigenenergies (but not all) to deÐne the MCDF functional. Our choice is the lowest one associated with the CSF set deÐned by
Finally, we optimized the M7s, 7p, 7dN set of orbitals in an EOL on the two lowest levels of the set, which can be represented as 5d9nln@l@(J \ 3/2, 5/2)e , with nl, n@l@ ½ M5d, 6s, 6p, 6d, 5f, 7s, 7p, 7dN .
This implies all 386 even J \ 3/2 and 5/2 CSFs, with nine 5d orbitals and two orbitals in the given set. This set of orbitals is Ñexible enough to produce a fairly accurate treatment of the Hg II lower lying levels.
The next stage involves large CI calculations. Since the number of CSFs will be very large, we need to use techniques that efficiently reduce them. We described in our earlier paper on Tl II and Tl III some di †erent ways to accomplish this . Here we will use Ðrst-order calculations and condensation techniques. According to these, we start by deÐning a zero-order set, in our case all CSFs belonging to the four main conÐgurations (5d106s, 5d106p, 5d96s2, and 5d96s6p). A Ðrst-order set is deÐned by including all CSFs that are obtained by single and double replacements from the CSFs in this set to the set of orbitals M5d, 6s, 6p, 6d, 5f, 7s, 7p, 7dN. In the Ðrst-order calculations, we only include the interactions within the zeroth-order set and between this set and the Ðrst-order set, but not those within the Ðrst-order set. After diagonalization, we exclude all CSFs that have weight (absolute value of in eq.
in all eigenstates associated with the four conÐgurations in the zeroth-order set. After this, a full-order calculation is performed, including only the CSFs that survived the condensation. The reduction in size varies, depending on the J-value and parity. For the even conÐgurations, we go from a total number of 6296 CSFs to a condensed set of 2804 (for all J-values). For the odd conÐgurations, the size of the full set of CSFs is 8575, 15192, 18579, 18558, and 15872 for J \ 1/2, 3/2, 5/2, 7/2, and 9/2, respectively. The corresponding numbers for the condensed sets are 4439, 8831, 9831, 7431, and 2565, respectively. The resulting energy levels are presented in Table 2 ; the oscillator strengths are available on our web site.5 4.3. Hybrid Calculations Some transitions between excited states are particularly interesting and appear at Ðrst sight to be simple enough to treat with an accurate RAS technique. The fact that at least one of the involved levels is truly excited, in the sense that there are lower levels of the same symmetry, introduces complications and instabilities. It turns out that calculations that borrow ideas from both RAS and CO techniques give accurate results. This time, the CO technique is introduced to ensure stability and to make the optimization stage of the calculation more obvious. Basically, our hybrid technique consists of RAS generation of CSFs in the CI part of the calculations, while the orbitals used are optimized on di †erent atomic states, just as in CO calculations. 4.3.1. 6pÈ6d When attempting a pure RAS calculation for this transition, it is immediately clear that the 6d conÐguration introduces instabilities. The reason for this is the presence of the lower, core-excited conÐguration 5d96s2 with the same symmetry. We believe that the best way of approaching this problem is to start by Ðnding a good representation of this conÐguration.
The core orbitals, together with the 6s, are optimized in a single-manifold calculation on 5d96s2 2D 3@2,5@2 , which will stabilize the representation of the even levels. The disadvantage, however, is that the 5d of this conÐgu-ration is quite di †erent from the 5d in the closed subshell of 6p or 6d. We therefore optimize a 6d function, together with the 6p, on the two 6p energy levels, in a RAS calculation that includes all CSFs of the form
with nl, n@l@ ½ M5d, 6s, 6p, 6dN .
The 6d orbital is therefore optimized as a correction to the 5d10 shell, and we need a second d-function to represent the "" spectroscopic ÏÏ and outer 6d. To accomplish this, we optimize a 7d in a RAS calculation deÐned by 5d9nln@l@(J \ 3/2, 5/2)e , with nl, n@l@ ½ AS 1 \ M6s, 6p, 6d, 7dN , on the third and fourth lowest eigenvalues (which corresponds to 6d 2D). After this we turned to a more systematic approach, in which we Ðrst optimize a set of orbitals on the two 6p atomic states. Since the n quantum number is just an arbitrary label for correlation orbitals, we can describe the RAS expansion as
Finally, we introduce another set and optimize on the even levels within the RAS, described by 5d9nln@l@(J \ 3/2, 5/2)e ,
For each of these steps CI calculations were also performed, using the active sets of orbitals and including all CSFs of the form 5d9nln@l@(J \ 1/2, 3/2)o and (J \ 3/2, 5/2)e
The results are given in Table 3 .
6pÈ7s
We again start with the same core orbitals as for the 6pÈ6d calculations. The 6s, 6p, and 6d orbitals were optimized in an EOL calculation on the set of CSFs deÐned by We then attempted to reoptimize the 6p and 6d orbitals, together with a 7s, in an EOL calculation on the second, third, and fourth eigenenergies associated with the CSF expansion deÐned by
and (J \ 1/2, 3/2)o , but the introduction of the 7s orbital caused instabilities. This time, the reason was the standard choice of initial estimates. It is common in GRASP calculations to use a Thomas-Fermi potential to estimate the initial form of the orbitals. For the 7s, a stable choice turned out to be a Coulomb approximation. After these initial problems, the calculations converged quickly. The Ðrst step was a RAS calculation of the form 5d9nln@l@(J \ 1/2)e and (J \ 1/2, 3/2)o , with nl, n@l@ ½ AS 1 \ M5d, 6s, 6p, 6d, 7sN .
The radial orbitals were obtained as described above. The second step was to extend the active set to
and to optimize the new orbitals in the same type of EOL calculations. The calculations show convergence, and we give the results in Table 4 .
Cowan Code Calculations
As we pointed out in°2, it is important to include a large number of transitions in a non-LTE model for a stellar atmosphere, but many of these are only treated in an average sense. We therefore Ðnish building a model ion by performing calculations using the Cowan code (Cowan 1981) . In our approach, these are in general of lower accuracy than our GRASP calculations. This can be inferred from the comparison with experimental data in, for example, Tables 1 and 3 . It is also clear from an analysis of the size and convergence of the GRASP calculations. Our Cowan code results are only recommended for use when no GRASP results are available.
We include the following conÐgurations, with all possible couplings to di †erent CSFs, in our calculations :
The radial functions were computed in an HFR mode (Cowan 1981) . Only some Slater parameters were adjusted to reproduce experimental excitation energies, namely, the electrostatic and spin-orbit integrals of observed conÐgu-rations. The adjustment of parameters of the same kind, associated with the same conÐgurations, were constrained by a constant ratio. As an example, all the electrostatic F and G integrals of the 5d96s6p conÐguration were varied together. These were reduced by about a third, while the spin-orbit parameters of the same conÐgurations were increased by a few percent. The spin-orbit parameters of other conÐgurations were scaled by factors of 0.98È1.4. The standard deviation for the Ðnal Ðt was 750 cm~1 for the odd levels. The resulting parameters and other information can be obtained from the authors.
The main problem with a limited calculation such as this one is the treatment of neglected correlations. It is common in Cowan code calculations to treat these with e †ective operators that model the interaction with conÐgurations distant in energy (representing core polarization and similar e †ects). This is quite an efficient way of reproducing the energy structure, but it does not include e †ects on the line strengths. We avoid this, and use instead the large set of conÐgurations given above, which includes some of the core e †ects (e.g., 5d96s6d). The large number of oscillator strengths from this calculation will be available on the authorsÏ web site.6 5. RESULTS AND DISCUSSION
Energy L evels
We compare the resulting excitation energies from the RAS and CO calculations to experimental results in Table  2 . It was immediately clear that the old experimental analyses of the 6s6p conÐguration needed to be revised. Recently, C. Sansonetti & J. Reader (1996, private communication) have revised the spectrum, and their term analysis is much more consistent with our calculations. For J \ 1/2o and 3/2o, we only include levels clearly below the 7p, with an experimental energy of 108298 cm~1 (J \ 1/2) and 111971 cm~1 (J \ 3/2), which is not represented as a spectroscopic state in our calculations. For other odd levels, we only include levels well below the 5f, which is again not included in our GRASP calculations. Overall, the agreement between experiment and theory is good, especially considering the problems involved in correctly matching the relative energy of conÐgurations with di †erent numbers of 5d electrons. The fairly small deviations show that we have been quite successful in balancing the calculations. We will now concentrate on a few particular transitions, before presenting the bulk of the oscillator strengths.
Resonance L ines and Core-V alence Correlation
In Table 1 we give A-values from di †erent approaches for the 6sÈ6p resonance transitions. It is clear that our RAS calculation converges and gives accurate values, and conÐrms the most recent experimental values by Pinnington et al. (1988) . Our CO calculation is, as expected, less accurate. For these lines, the rates deviate by as much as 20%, mainly because of a less accurate treatment of core-valence correlation. We expect this di †erence to be less important for transitions between excited states. It is also important to note the large deviation between our GRASP calculations and the results from the Cowan type of calculations. This is true in spite of our inclusion of some core-valence e †ects in the latter, through conÐgurations such as 5d96s6d. Calculations without these types of conÐgurations di †er by as much as a factor of 2 or more from our GRASP approach.
Since this shows the importance of a correct treatment of core-valence correlation, we attempted to correct the Cowan calculations by including core-valence "" potentials ÏÏ (see Hibbert 1989 and references therein) in the calculation of transition integrals. The transformation is of the form Table 1 under Cowan (CP) , show the error associated with ignoring the core-valence correlation and its e †ects on the transition integral. The e †ect is somewhat overestimated here, since we include both potentials and core-excited conÐgurations. It is difficult to avoid this in the present system, and the only completely unambiguous treatment that goes beyond the single-conÐguration approach would be to include corevalence correlation only through CSF expansions, as was done in the GRASP calculations. While the treatment of core-valence correlation explains the di †erence between our RAS and Cowan calculations for the lifetimes, we also note that the ratio of the two rates depends on the approach. While relativistic calculations give results between 1.6 and 1.7, the nonrelativistic result is just above 1.5. This relativistic e †ect on "" branching ratios ÏÏ will be even more pronounced for other transitions.
T he T ransitions 6pÈ6d and 6pÈ7s
In Tables 3 and 4 we list the results for the other transitions we have studied in detail with hybrid calculations. The e †ect of core-valence correlation is not easily distinguished from relativistic e †ects for these lines. For some lines the e †ect is pronounced, such as for the 2P 1@2 o È2D 3@2 , which is reduced by a 1/3, while others are much less a †ected. The trend is clearly that transitions involving 2P 1@2 o are reduced by a factor of 0.6È0.7, while others are reduced only by a factor of about 0.9 (the is 6p 2P 3@2 o È7s 2S 1@2 actually 20% larger in the GRASP calculation). Even more drastic is the e †ect on the branching ratios. The value of
is about 1.6 in GRASP calculations, while the Cowan code predicts 0.95. Experimental determinations of this type of ratio would be a sensitive test of the quality of our calculations in general, and the importance of relativistic e †ects in particular.
T he 6sÈ7p T ransitions and Radial Cancellation
A number of examples of radial cancellations are known in transitions of the form nsÈ(n ] 1)p in systems homologous to Hg II. The most well known case is probably Mg II, where the low gf-values of the 3sÈ4p transitions are used for abundance measurements in the interstellar medium (Savage, Cardelli, & SoÐa 1992) . Even though the situation is similar in Hg II, important di †erences exist. The soft 5d shell, which gives low-excitation energies to a number of core-excited levels, both opens up more decay channels for the upper 7p levels and, more importantly, induces strong interaction between these and the overlapping 5d96s6p. In a recent paper, Maniak et al. (1993) discuss this situation, report on lifetime measurements of the two upper levels, and present a set of calculations. They do predict a cancellation in the transition element, especially pronounced for the which should explain the long lifetime of 2S 1@2 È2P 1@2 o , the corresponding upper level.
The main problem is that all calculations so far either ignore the strong interactions between the 7p and the 5d96s6p conÐgurations, or do not represent the details of the level structure well enough to predict the e †ect of this interaction. We therefore designed a method based on a limited GRASP calculation and a Ðne-tuning technique (Brage & Hibbert 1989 ). According to this method, we adjust the diagonal elements of the energy matrix to reproduce the experimental energy spectrum. The results did illustrate how sensitive the predicted transition rate is to the details of our calculations.
First, if we do not include the 5d96s6p, only including the 6s and 7p CSFs, the results show a strong cancellation, just as predicted by Maniak et al. (1993) . The problem is that some levels in the core-excited conÐguration have strong transitions to the ground state. This is particularly true for the ones labeled and These also interact 6s6p 2 1@2 o 6s6p 5 3@2 o . strongly with the 7p levels, and therefore probably closely represent a 2Po. The interaction between 7p and these two levels induces strong transitions to the ground state. The important parameter is the relative distance between the 7p levels and the 6s6p levels, which can be adjusted by our Ðne-tuning technique. Table 5 gives the rates of the lines as a function of these energy distances, and illustrates the severe problem we are faced with. None of our calculations, with the 5d96s6p conÐguration included, seem to be consistent with the long lifetime observed by Maniak et al. In all cases, the interaction is strong enough to increase the rates by orders of magnitude. Further investigation of this 
). b Fine-tuned results ; see text. c Two levels completely mixed.
problem is outside the scope of this paper, but we warn about the uncertainty of all transitions involving the 7p levels.
5.5. T he Model Ion of Hg II We will present the collection of recommended oscillator strengths for Hg II on our web site.7 The combined results from all calculations above will be given, with the most accurate one for each transition presented.
5.6. Forbidden L ines While our main goal is to accurately compute transitions observable in absorption spectra of stellar atmospheres, we can also, as a spin-o †, extract results for some transitions with low rates. These are in most cases forbidden, but also include the electric dipole transition. 6p 2P 1@2 o ]6s2 2D 3@2 This has a low rate because of the small energy di †erence between the two levels involved. The others are all for-bidden, and originate from three metastable levels, 
Finally, the odd J \ 9/2 level can decay via either intraconÐgurational transitions E2 M1 Our computed decay rates for all these transitions are reported in Table 6 , and compared with recent experiments and other theories. In general, the agreement with experiment is good, especially for M1 transitions. There seems to be a tendency of our calculations to overestimate the rate of the E2 transitions, in spite of a generally good agreement between calculations using length and velocity forms of the E2 transition operator.
5.7.
HyperÐne Structure Parameters For a complete model ion, we will also need to include hyperÐne structure of di †erent lines. This is, of course, most important for the observed lines, which we include in the synthetic spectra. In our pilot study of Tl II , we found that the cross-optimization technique with only core-valence correlation with the 5d subshell included yielded hyperÐne structure parameters that were correct, in the majority of cases, to well within 10%. At the same time, the results from a RAS approach for the resonance lines, including core-valence correlation with deeper core subshells, gave results that di †ered by only a few percent from the experiment. We will use these experiences to predict A and B hyperÐne constants for the two odd isotopes of mercury (199Hg and 201Hg).
For the resonance lines, we extended our calculations to include core-valence correlation with 5s and 5p, using the same RAS approach as for Tl III . In this we include all CSFs of the forms .5s5p65d10nln@l@ , . . . 5s25p55d10nln@l@ , and 5s25p65d9nln@l@ ,
and the active sets AS 1 \ M5d, 6s, 6p, 6d, 5f, 5gN , AS The results are given in Table 7 , where we have used nuclear parameters from Kurucz (1993) .
In Table 8 we also give hyperÐne parameters from the best available models for all treated levels. It is important to remember that the accuracy is limited for the crosswise optimization (CO) and hybrid (H) calculations, since they only include core-valence correlation with the 5d subshell.
Finally, in Table 9 we give the electronic densities in the origin for the most important levels. These were used to obtain relative isotope shifts for our synthetic spectra ).
CONCLUSIONS
We have performed a number of di †erent calculations geared toward meeting the demands for high accuracy and at the same time representing a large part of the model ion. The most accurate GRASP calculations, made using a highly systematic active-space approach, show a clear convergence and are probably accurate to within a few percent. The crosswise optimization technique represents a larger number of transitions in what appears to be a well-balanced way. The Cowan code calculations, in spite of large deviations for lines of low excitation, can be used for representing an even larger number of transitions, where its semiempirical approach of imposing the experimental energy level structure can be quite efficient.
We showed the importance of an accurate treatment of core-valence correlation and relativistic e †ects for the lower levels, particularly transitions involving and 6s 2S 1@2 where they give substantially reduced oscillator 6p 2P 1@2 o , strengths.
